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S m d finiti nsSome definitions

• Energy: ability to carry out 
workwork

• Enzymes: Protein molecules
that function as catalyststhat function as catalysts

• Metabolism: All chemical
transformations in an transformations in an 
organism

E  th  bilit t  t kEnergy – the ability to carry out work
• Energy can be converted from one form to 

anotheranother
light

electric
light
heatg

heat heat
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chemical
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En r  th  bilit t  c rr ut rkEnergy – the ability to carry out work

chemical energy = potential energy

• Potential energy can be storedPotential energy can be stored
or released

• In biochemistry: energy can be
released in the form of e g  nerve released in the form of e.g. nerve 
impulses, muscle contraction, heatp



M t b lismMetabolism

• Chemical transformations
t b li b li

Food molecules Cellular
molecules

= catabolism + anabolism

Catabolic
pathways

Anabolic
th

Anabolism: building up
pathways pathways

Catabolism: breaking down
Building blocks for biosynthesisBuilding blocks for biosynthesis

An b lism
S th i f bi l l

Anabolism
• Synthesis of biomolecules

– LipidsLipids
– Amino acids/proteins

l d
protein

– Nucleic acids
– Carbohydrates proteinCarbohydrates

RNA

amylose
li idlipid

C t b lismCatabolism

• Molecules are broken down to smaller
l lmolecules

• Often releases chemical energyOften releases chemical energy

Adenosine triphosphate

Th rm d n micsThermodynamics
• Energy can be converted between

different formsdifferent forms
• Energy is conserved

Fi st l f th d i sFirst law of thermodnamics
• Not all energy can be used for 

Useful energy

work
Second law of thermodnamics

unuseable energy

Entropy increases : ΔS >0



Fr En rFree Energy

H = G+ TS
All energy unuseable energy

H = G+ TS
Gibbs Free energy

During a chemical transformation:

ΔG  ΔH TΔSΔG = ΔH -TΔS
S t h i l ti l h i l (Spontaneous chemical reactions release chemical energy (are
exergonic

ieΔG is negative

Ch mic l Equilib iumChemical Equilibrium

ΔG < 0
Chemical reactions are
reversible

Exergonic reaction

ΔG 0 reversible

A B
E d i ti

ΔG > 0 At equilibrium:
Endergonic reaction

ΔG = 0

Chemical equilibrium is q
determined by ΔG 

ΔGΔG depends on:

the characteristic ΔG0` for the reaction• the characteristic ΔG0  for the reaction
• concentrations of reactant and product

phosphoglucomutase

Th  i  i  i h di iThe reaction can run in either direction
The reaction continues until equilibrium, ΔG = 0

Adenosine triphosphate is the p p
”energy currency” of the cell

ATP  H O    ADP  PiATP + H2O    ADP + Pi

ΔG = -30 kJ mol-1ΔG = 30 kJ mol



Endergonic and exergonicg g
reactions can be coupled ATP r c clinATP recycling

An energy barrier must be overcome, gy ,
before a reaction can run

ΔG
Ea

ΔG

Activation energy EaActivation energy Ea
is independent of ΔG

Enzymes catalyse reactions by y y y
lowering the activation energy



Activation energy is lowered by gy y
bringing reactants close to each other

Active Active 
site Specificity

ESS E+ PE +

Enzyme is unaltered after catalysis

C t l tic m ch nismsCatalytic mechanisms
Substrate is bound and 
orientated correctlyy

Stretching of chemicalStretch ng of chem cal
bonds may be induced by 
conformational changes in g
the protein

Transient modifications of the Transient modifications of the 
substrate: 
acid-baseacid-base
covalent
redoxredox

Induc d fitInduced fit
Change in conformation of the enzyme induced by 
susbtrate binding

In hexokinase, water
is excluded from the is excluded from the 
active site by a 
conformational
change. This prevents
water from acting as a 
phosphate acceptorphosphate acceptor
instead of glucose

Glucose + ATP Glucose-6-phosphate + ADP
Glucose + ADP + PiGlucose + ATP + H2O

Many enzymes need cofactors, coenzymes ory ym f , ym
prosthetic groups for activity



Rate of reaction is dependent onp
susbtrate concentration

The enzyme is saturated
with substrate

T b i   f ff tiTurnover number is a measure of enzyme effectiveness:
Lysozyme: transforms 0.5 substrate molecules per second
Catalase: transforms 40 000 000 substrate molecules per secondCatalase  transforms 40 000 000 substrate molecules per second

Enzyme activity can be describedy y
by the Michaelis-Menten model
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Concentration of substrate [S]

R ul ti n f nz m ctivitRegulation of enzyme activity

Homeostasis:
Maintenance of constant
conditions

Inhibitors 
Allosteric regulation
EnvironmentEnvironment

Irr v rsibl  inhibiti nIrreversible inhibition
Th  i  i ibl i hibi d d b l i llThe enzyme is irreversibly inhibited and becomes catalytically
inactive

l l lIrreversible inhibition often involves covalent modification of amino
acid side chains

DIPF reacts with a OH-group of a serine in trypsin’s active site



Reversible inhibition can be
competitive or non-competitive

h  h b  The inhibitor 
competes with the 

b t t f  substrate for 
binding to the 
active siteactive site

Reversible inhibition can be
competitive or non-competitive

h  h b  b d  The inhibitor binds 
to a site elsewhere

th   on the enzyme, 
preventing catalysis

Allosteric regulationAllosteric regulation
Allosteric enzymes can switch 
between an active and an 
i i finactive form
The inactive form is stabilisedThe inactive form is stabilised
by allosteric inhibitors
Th  ti f m is st bilis d b  The active form is stabilised by 
allosteric activators

Allosteric inhibitors and 
activators bind to a regulatoryactivators bind to a regulatory
site awayfrom the active site

Allosteric regulationAllosteric regulation
Allosteric enzymes show S-shaped (sigmoid) reaktion 
curves (ie they DO NOT conform to the Michaelis-Menten model)

Consequence: The rate of reaction is extremely sensitive to changes in substrate
concentrations. Allosteric enzymes are often important regulators of metabolic
pathwayspathways



F db ck inhibiti nFeedback inhibition

The typical point at which metabolic pathways are
regulated is thecommitment step

Commitment step

regulated is thecommitment step

p

The end product of the pathway inhibits the enzyme
at the commitment step of the pathway

Eff ct f pH n nz m ctivitEffect of pH on enzyme activity
pH optimum

Eff ct f t mp r turEffect of temperature


